Interpretation of Schlieren Density Gradient Photographs
(Accepted 25 October i972 ) Equilibrium density gradient sedimentation is a well-established biochemical procedure. It is often convenient to use the Schlieren optical system to record the results of experiments using this technique. This optical system produces a photographic representation of the first derivative of the refractive index of the cell contents with respect to distance along the cell, which approximates to the concentration gradient. At equilibrium, the shape of a 'band' of a monodisperse macro-molecular species is approximately Gaussian because of diffusion away from the true equilibrium position. Such distributions are not normally truly symmetrical, but this fact does not invalidate the results or discussion presented later.
If two or more components are present then the total concentration distribution will be the sum of the individual distributions, and the Schlieren pattern will represent the first derivative of the sum. The appearance of the Schlieren pictures depends principally on three parameters associated with each component of a multi-component system: (a) the position of the equilibrium density, (b) the relative concentration, and (c) the band width of each component. The band width may be defined in terms of the standard deviation, (o-) of the (Gaussian) distribution. Large values of o-are associated with low tool. wts. and vice versa. Thus, it can be stated that the Schlieren pictures resulting from a density-gradient 'separation' of a multi-component mixture is predictable in terms of these three parameters defined for each component. Often the interpretation of such pictures is difficult and sometimes liable to error. The paper of Bancroft & Flack 0972) illustrates some of the problems that may occur, and stimulated the present work.
A program was written for an IBM 113o computer to allow the definition of up to three components in terms of the parameters listed earlier, to calculate and plot a number of coordinates for the individual component concentration distributions and for their sum, and to evaluate and plot the first derivative of the summed distribution. Some of the resultant plots are reproduced in Figs. I to 3, and the relevant parameters listed in Table i . It should be noted that in actual experiments the concentration gradient due to the gradient material (e.g. CsC1) would be superimposed on that due to the experimental material. For greater clarity this additional factor is not included but its omission does not invalidate the resultsindeed its inclusion in actual experiments probably increases the difficulty of interpretation. Because of the wide range of gradients which may practically be used, the positions of the components have been expressed in terms of differences in position rather than in density.
Two main types of multi-component systems in which interpretative difficulties may occur have been examined. One of these is that in which there are three components having similar values for o-but different equilibrium density positions. The other is that in which the densities are identical but ~r varies. Of these two systems the first corresponds to a situation in which one is actually separating components of different density but similar molecular size and the second to one in which the components may be identical in composition (and hence density) but exist in different oligomeric or polymeric states (e.g. macro-molecules plus degradation products).
In order to explain the format of the illustrations Fig. I (a) to t (c) show relatively simple cases in which one, two or three components are present, with no 'overlap'. The :middle trace in each set of three represents the concentration of the individual components, the lower trace the sum of these concentrations (as would be observed by absorption optics) Fig. 2 (d) is of some importance as both the Schlieren and absorption pictures would lead one to assume that only two components were present. 
The figures quoted are relative values for the position (X), height (H) and sigma (~r) of each component plotted. Asterisks are used to signify the absence of a component, Refer to the text for information concerning scaling of the drawings relative to each other.
The remaining drawings in Fig. 2 are included as a' guide' to the interpretation of some of the Schlieren patterns which may arise from three component mixtures. Fig. 3 consists of a series of' mixtures' of high and low mol. wt. material showing the same equilibrium density and illustrates the range of first derivative patterns one might obtain under such conditions. Fig. 3 (b) to (d) are of particular interest, especially if compared with Fig. a (g) . One might be misled into assuming that the Fig. 3 examples quoted represented a mixture of components of different density.
Although the illustrations presented represent only a small fraction of the total number produced, they clearly show that it is unwise to rely entirely on density-gradient separations (or indeed any other technique where overlapping' peaks' may occur) in assessing the heterogeneity characteristics of experimental materials. Data from some other source may often be necessary for reliable interpretation. 
